Abstract. During 1996-1998 60,619 mosquitoes were collected around Cairns, Australia and processed for Alphavirus isolation. Thirty-three isolates of Ross River (RR) virus were made from 9 species, Aedes imprimens, Aedes kochi, Aedes notoscriptus, Aedes vigilax, Culex annulirostris, Culex gelidus, Mansonia septempunctata, Verrallina (formerly Aedes) carmenti, and Verrallina lineatus. Attempts to isolate RR virus from 121 Aedes aegypti were unsuccessful. Twenty-six (79%) of the isolates came from within 1 km of a colony of spectacled flying-foxes, Pteropus conspicillatus. The minimum infection rate for these mosquitoes was 1.0 compared with 0.2 per 1,000 for mosquitoes trapped at all other sites. Ross River virus has not previously been isolated from Ae. imprimens, Cx. gelidus, Ma. septempunctata, Ve. carmenti, or Ve. lineatus. This is also the first isolation of an arbovirus from Cx. gelidus in Australia. In conclusion, the vector status of Ve. carmenti, Ae. aegypti and Ma. septempunctata warrants further study. This study also provides evidence that P. conspicillatus may be a reservoir host.
Ross River (RR) virus is a mosquito-borne Alphavirus that occurs in Australia, Papua New Guinea, and the Solomon Islands. [1] [2] [3] Human infection may cause arthralgia and arthritis, possibly persisting for long periods. 4, 5 The average number of notified cases in Australia during 1991-1996 was 4,800 with a maximum of 7,823 in 1996 and a minimum of 2,602 in 1995. The majority of notifications come from Queensland, 6 especially north Queensland. During 1989-1992 the incidences in Cairns and Townsville, provincial cities in the north, ranged from 131 to 233 and 150 to 367, respectively, while the incidence in Brisbane, the state capital in the southeast, ranged from 17 to 96 per 100,000 per annum. 7 In Cairns the majority of cases of human disease occur during February to April (Tulip F, unpublished data).
In Australia the natural reservoir hosts for RR virus are kangaroos and wallabies but other species, including horses, may act as urban reservoirs for human infection. 3, [8] [9] [10] Serological surveys and virus isolation from mosquitoes trapped near a flying fox camp suggested flying foxes might be reservoir hosts. 8, 11, 12 However, Ryan and others concluded that the gray-headed flying-fox, Pteropus poliocephalus, was not an important reservoir host because only 10 of 510 (2%) Aedes vigilax that fed on infected flying-foxes were infected with RR virus after an extrinsic incubation period, and because RR virus could not be detected in any of 122 bloodfed Ae. vigilax immediately after feeding on infected P. poliocephalus. 13 The major vectors of RR virus in Australia are considered to be Culex annulirostris, Ae. vigilax, and Aedes camptorhynchus. 9, [14] [15] [16] [17] [18] Ross River virus has been isolated from 27 mosquito species in Australia comprising 19 Aedes, 2 Anopheles, 1 Coquilletidia, 5 Culex, 1 Mansonia, 3 undescribed species, and an unidentified species of Tripteroides. 12, 16, [19] [20] [21] However, the vector status of most of these is unknown. 14 Aedes polynesiensis and Aedes aegypti may have transmitted RR virus in a large epidemic in the South Pacific in the late 1970s and early 1980s. 22, 23 There is laboratory evidence that Ae. aegypti can be infected with and transmit RR virus, however RR virus has not been isolated from this species in the field. [24] [25] [26] The goals of the study reported in this paper were 1. to determine what mosquito species are infected with RR virus in the Cairns region, and 2. to compare the minimum infection rates for mosquitoes collected Յ 1 km and Ͼ 1 km from a spectacled flying-fox (Pteropus conspicillatus) camp.
MATERIALS AND METHODS

Mosquito collections.
Centers for Disease Control and Prevention (CDC) traps 27 were set between 3.45 and 6.25 PM, and collected between 7.45 and 9.30 AM. Traps were baited with 1-octen-3-ol (release rate 5 mg/hr) 28 and 500 gm of dry ice. Twenty trapping sites were used, 14 within the city of Cairns. Trapping was on 12 nights during 1996 (early February to late March), 6 nights during 1997 (early February to early April), and 1 night during 1998 (mid February) for a total 60 trap-nights. Two trap-nights were within suburban yards, otherwise trapping was in Melaleuca swamps and other natural habitats in and around Cairns.
One of the trapping sites contained a flying-fox camp with about 15,000 spectacled flying-fox, P. conspicillatus (Olson A, unpublished data). In the camp the swamp canopy is dominated by the paperbark Melaleuca quinquenervia, with Pandanus sp., and Archontophoenix alexandrae (Warmington D, unpublished data). Trapping was performed in this camp in early February 1996 and mid February to early April 1997 for a total of 9 trap-nights. Trapping was also performed in a swampy area approximately 600 meters from the camp on nights in mid March 1996 and early February to mid March 1997 for a total of 11 trap-nights. In order to compare RR virus isolation rates with other trapping sites results from these 2 flying-fox camp associated sites were pooled.
On 21 days during mid February to early May 1997 daytime sampling for Ae. aegypti was conducted in, around or under houses using either a hand-held battery-powered aspirator 29 or a sweep-net.
Virus isolation. Sweep-net, aspirator, and CDC trapped mosquitoes were identified by species, pooled in lots of up to 100 individuals, and stored at Ϫ70ЊC prior to transport on dry ice to the Centre for Public Health Sciences in Brisbane, Queensland, Australia. Blood-fed mosquitoes were not processed for virus isolation. The method used to isolate virus was described by Ritchie and others. 12 Pools of up to 25 mosquitoes were homogenized by hand in 2 mL cold RPMI-1640 (Roswell Park Memorial Institute medium) containing 0.2% bovine serum albumin. The homogenates were then centrifuged; 100 L of supernatant was inoculated onto confluent monolayers of C6-36 (Aedes albopictus) cells in 25 cm 2 tissue culture flasks and incubated at 28ЊC. Day 3-5 post-inoculation cells were scraped from the flask onto microscope slides and air-dried. The cells were examined by indirect immunofluorescence using the following monoclonal antibodies: 11F4 reactive to Alphaviruses (Ross River, Barmah Forest, Getah, and Sindbis); 3B3, Barmah Forest virus specific, and 52/13/1, RR virus specific. Cultures that were Alphavirus non-reactive were discarded. Repeat isolations were performed for confirmation. Minimum infection rates (MIRs) per 1,000 mosquitoes were calculated using the method of Chiang and Reeves. 30 
RESULTS
A total of 60,619 mosquitoes encompassing 8 genera and 35 species were processed for virus isolation. Most (60,473) were from CDC traps and the remainder (121 Ae. aegypti and 25 Culex quinquefasciatus) were from household sweepnet and aspirator sampling. A total of 33 isolates, all RR virus, were obtained (Table 1 ). All isolates reacted with the general Alphavirus and specific RR virus monoclonal antibodies. Twenty-seven of the RR virus isolates were made during 1997 when the majority of the mosquitoes were Of the 60,473 mosquitoes trapped in CDC traps, 25,875 (43%) were trapped in or within 1 km of a spectacled flyingfox camp and 26 isolates were from these mosquitoes. Minimum infection rates were higher for these mosquitoes than for those trapped elsewhere (Figure 1 ). The number of positive pools was significantly greater for these mosquitoes than for those trapped elsewhere for all species and for Cx. annulirostris, but not for Ve. carmenti ( 2 ϭ 22.5, P ϭ 0.000; 2 ϭ 3.97, P ϭ 0.046; and 2 ϭ 1.19, P ϭ 0.276, respectively).
DISCUSSION
This study provides evidence that mosquito species already recognized as RR virus vectors elsewhere in Australia are infected with the virus in Cairns. Isolates from a number of other species suggest that further work on the vector associations and ecology of the virus in tropical Queensland is needed.
Virus isolates from Cx. annulirostris, Ae. vigilax, and Aedes notoscriptus are consistent with the likely role of these species as vectors. 9, 12, 16, 31, 32 However, the virus was also isolated from 5 species not previously associated with RR virus,
Ve. carmenti, Aedes imprimens, Verrallina lineatus, Culex gelidus, and Mansonia septempunctata.
Small numbers of isolates came from Ma. septumpunctata, Ae. kochi, Ve. lineatus, Ae. imprimens, and Cx. gelidus. The high infection rate (5.8/1,000) in a relatively small number of mosquitoes, the fact that it will readily feed on humans, 33 and its local abundance (Ritchie S, unpublished data) suggest Ma. septumpunctata may be important as a vector for human RR virus infection. This species therefore warrants further investigation. Culex gelidus was first recorded in Australia in May 1999. 34 Our isolate of RR virus from Cx. gelidus is the first isolate of an arbovirus from this species in Australia. Japanese encephalitis (JE) virus has also recently been isolated from this species in Australia (Mackenzie J and others, unpublished data) and Cx. gelidus is a known vector of JE virus in Asia. 35 The largest number of isolates was from Ve. carmenti. Ross River virus was isolated from this species in two consecutive years at three sites. Verrallina carmenti is known to feed on humans during the day and was one of the most common species collected at human bait sampling in a north Queensland study. 36, 37 Verrallina carmenti therefore has potential as a vector of RR virus.
Laboratory evidence shows that Ae. aegypti can be infected with and transmit RR virus. [24] [25] [26] If virus isolation were successful this would indicate that Ae. aegypti plays a role in the transmission of RR virus. Only 121 Ae. aegypti were processed for virus isolation in our study making virus isolation unlikely. Further attempts to isolate RR virus from Ae. aegypti are warranted.
The large number of RR virus isolates from a variety of mosquito species trapped in or near a flying-fox camp suggests that spectacled flying-foxes may be a focus for the infection of mosquitoes. In order for P. conspicillatus to be important as a reservoir host mosquito vectors must feed upon it sufficiently frequently to maintain transmission. There are no studies of feeding preference of mosquitoes around P. conspicillatus camps. However, in Brisbane, southeastern Queensland, Ryan and others found that 16 blood-fed Aedes funereus collected around a flying-fox camp containing Pteropus alecto, P. poliocephalus, and Pteropus scapulatus all contained blood-meals from P. alecto. 13 The limited distribution of P. conspicillatus means that it could not transport the virus over large geographical areas. 38 Nonetheless, P. conspicillatus may play a local role as a reservoir host. Further study of the species is warranted because of the presence of large numbers in urban Cairns and the high incidence of human RR virus disease in the city.
Other vertebrates living in the flying-fox camp may also be important reservoir hosts. These include several species of rodent (fawn-footed melomys, Melomys cervinipes; canefield rat, Rattus sordidus; black rat, Rattus rattus; and water rat, Hydromys chrysogaster), brown bandicoot (Isoodon macrourus), striped possum (Dactylopsila trivirgata), other megachiropteran species, and 10-12 species of microchiroptera. Domestic dogs and cats enter the swamp and a number of bird species also inhabit the area (Trennery M, unpublished data). These animals may be reservoir hosts for RR virus and therefore would have to be considered in studies to determine the importance of P. conspicillatus as an RR virus reservoir host.
This study highlights the need for further research on the vectors and reservoir hosts of RR virus. The isolates from mosquito species not previously known to be associated with RR virus show that this need is particularly pressing in parts of Australia not studied previously or recently.
